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▖Ꮝᚄほᐹ࡟ࡼࡿ║⑂ປ ᐃᡭἲࡢ㛤Ⓨ 
Measurement of visual fatigue based on pupillary responses  
ᒸᮏ ὒ㍜㸨 
Yosuke Okamoto㸨 
Summary 
This study aimed to obtain knowledge about objective evaluation method of visual fatigue by measuring 
pupillary responses. Subjects were asked to perform a visual task during the experiment, and pupil diameters 
were continuously measured for 5 minutes at the beginning, in the middle, and at the end of the experiment. 
Subjective visual fatigue was also measured using the five-point scale. The results showed that the pupil 
diameter was tended to be larger when it was measured in the middle and at the end than when measured at the 
beginning of the experiment. In addition, the subjective scores of visual fatigue significantly increased in the 
middle and at the end, as compared to that at the beginning. These results suggest that the pupil diameter tends 
to be larger as visual fatigue increases. This implies the possibility of evaluating visual fatigue by observing the 
pupil diameter.  
࣮࣮࢟࣡ࢻ㸸║⑂ປ㸪ᐈほⓗホ౯㸪▖Ꮝ㸪⮬ᚊ⚄⤒⣔ 
Keywords㸸Visual fatigue; Objective evaluation; Pupil; Autonomic nervous system 
1㸬ࡣࡌࡵ࡟ 
㏆ᖺ㸪ேᕤග※࡜ࡋ࡚ LEDࡢᬑཬࡀࡵࡊࡲࡋࡃ㸪↷
᫂⏝ග※ࡸᾮᬗࢹ࢕ࢫࣉࣞ࢖ࡢࣂࢵࢡࣛ࢖ࢺ࡜ࡋ࡚ࡢ
฼⏝ࡀ㐍ࢇ࡛࠸ࡿ㸬ᡃࠎࡣ᪥ᖖ⏕ά࡟࠾࠸࡚ࡇࢀࡽࡢ
ග※࡟ࡼࡗ࡚↷ࡽࡉࢀࡓ⏕ά✵㛫࠶ࡿ࠸ࡣࢹ࢕ࢫࣉࣞ
࢖࠿ࡽከࡃࡢ᝟ሗࢆྲྀࡾධࢀ࡚࠸ࡿ㸬LED ࡟ࡣ㛗ᑑ࿨
ࡸ㧗ຠ⋡࡜࠸ࡗࡓ฼Ⅼࡀ࠶ࡿࡀ㸪୍ ᪉࡛ LED ග※≉᭷
ࡢᛶ㉁࡟ࡼࡗ࡚೺ᗣ࡟ᝏᙳ㡪ࢆ⏕ࡌࡿྍ⬟ᛶࡀᣦ᦬ࡉ
ࢀ࡚ጞࡵ࡚࠸ࡿ(1)㸬 
ග࡟ࡼࡿ೺ᗣᝏᙳ㡪࡜ࡋ࡚║⑂ປࡀᣲࡆࡽࢀࡿࡀ㸪
ᛌ㐺࡞ග⎔ቃࡢᐇ⌧࡟࠾࠸࡚㸪║⑂ປࢆᘬࡁ㉳ࡇࡋ࡟
ࡃࡃࡍࡿࡇ࡜ࡣ㔜せ࡞せ⣲࡛࠶ࡿ㸬ࡋ࠿ࡋ㸪ගࡢ≀⌮
ⓗ≉ᛶ࡜║⑂ປ࡜ࡢ㛵ಀ࡟ࡘ࠸࡚ࡢලయⓗ࡞▱ぢࡣᑡ
࡞࠸ࡢࡀ⌧≧࡛࠶ࡿ㸬ࡑࡢ୍ᅉ࡜ࡋ࡚㸪║⑂ປࡢホ౯
᪉ἲࡀ☜❧ࡉࢀ࡚࠸࡞࠸ࡇ࡜ࡀ⪃࠼ࡽࢀࡿ㸬║⑂ປᗘ
ࢆ ᐃࡍࡿ᪉ἲ࡜ࡋ࡚ࡣ㸪⮬ぬ⑕≧࡟ࡼࡿ⮬ᕫデ᩿ࡀ
୍⯡ⓗ࡟⏝࠸ࡽࢀ࡚࠸ࡿ㸬ࡋ࠿ࡋ㸪⮬ᕫデ᩿ࡣ࠸ࡎࢀ
ࡢ◊✲࡛ࡶ୺ほⓗ࡛࠶࠸ࡲ࠸࡞ホ౯࡛࠶ࡿࡇ࡜ࡀᣦ᦬
ࡉࢀ࡚࠾ࡾ㸪ṇ☜࡟ホ౯ࡀฟ᮶࡚࠸ࡿ࡜ࡣゝ࠸㞴࠸(2,3,4)㸬
ࡑࡢ௚ࡢ║⑂ປᗘ ᐃ᪉ἲ࡟㛵ࡋ࡚ࡣ㸪⮫⏺Ⅼ⁛⼥ྜ
࿘Ἴᩘࡸ▐┠࡞࡝ᵝࠎ࡞ᚰ⌮࣭⏕⌮ⓗホ౯ᣦᶆࢆ⏝࠸
࡚║⑂ປࡢ⛬ᗘࢆ᥎ᐃࡍࡿヨࡳࡀ⾜ࢃࢀ࡚ࡁࡓ㸬ࡋ࠿
ࡋ㸪⮫⏺Ⅼ⁛⼥ྜ࿘Ἴᩘࡢ ᐃࡣ㸪࿘Ἴᩘࡢ␗࡞ࡿⅬ
⁛ග่⃭ࢆᩘከࡃ࿊♧ࡋ࡚ࡑࢀࡒࢀ࡟ุ᩿ࢆồࡵࡿᚲ
せࡀ࠶ࡿࡓࡵ㸪 ᐃ᫬㛫ࡀ㛗ࡃ࡞ࡿࡇ࡜ࡸ⿕㦂⪅ࡢὀ
ពỈ‽ࡀప࠸࡜ุ᩿ࡀ࠶࠸ࡲ࠸࡟࡞ࡾࡸࡍ࠸ࡇ࡜࡞࡝
ၥ㢟Ⅼࡶከ࠸㸬ࡲࡓ㸪▐┠ィ ࡣᐈほⓗ࡛ࡣ࠶ࡿࡀ㸪
㛗᫬㛫࡟ࢃࡓࡿィ ࡀᚲせ࡜࡞ࡿ㸬ࡑࡇ࡛㸪║⑂ປࡢ
ᐈほⓗ࡞ホ౯᪉ἲ࡜ࡋ࡚▖Ꮝ࡟╔┠ࡋࡓ◊✲ࡀ⾜ࢃࢀ
࡚࠸ࡿ(3,4)㸬▐᫬ⓗ࡞ග่⃭࡟ᑐࡍࡿ▖Ꮝࡢ཯ᛂ㸦ᑐග
཯ᛂ㸧࡟╔┠ࡋࡓ౛࡛ࡣ㸪᭱ ኱▖Ꮝ཰⦰⋡㸪཰⦰㏿ᗘ㸪
෌ᣑᙇ㏿ᗘࡢ 3ࡘࡢᣦᶆࡣ VDTసᴗࡢ๓ᚋ࠾ࡼࡧఇᜥ
ࡢ๓ᚋ࡛᭷ព࡟ኚ໬ࡋࡓࡇ࡜࠿ࡽ㸪║⑂ປࢆᐈほⓗ࡟
㸨 ᘓ⠏Ꮫ⛉ 
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
᥎ ࡍࡿᣦᶆ࡜ࡋ࡚᭷ຠ࡛࠶ࡿ࡜ࡋ࡚࠸ࡿ(4)㸬ࡋ࠿ࡋ࡞
ࡀࡽ㸪ࡇࢀࡽࡢᣦᶆࡣ║➽⣔ࡢ⑂ປࢆ཯ᫎࡋ࡚࠸ࡿ࡜
ࡉࢀ࡚࠾ࡾ㸪║➽ࡣᐜ᫆࡟ࡣ⑂ປࢆ㉳ࡇࡋ࡟ࡃ࠸࡜ࡢ
ពぢࡶ࠶ࡿ㸬 
ࡑࡇ࡛ᮏ◊✲࡛ࡣ㸪▖Ꮝࡢ▐᫬ⓗ࡞཯ᛂ࡛ࡣ࡞ࡃ⤒
᫬ⓗ࡞άືࢆほᐹࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪⚄⤒⣔ࡢ║ࡢ⑂
ປࢆ ࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓ㸬ᐇ㦂࡛ࡣ║⑂ປࢆᘬࡁ㉳
ࡇࡍ࡜ᛮࢃࢀࡿどసᴗࢆ 50ศ㛫⾜ࡗ࡚ࡶࡽ࠸㸪ㄢ㢟ࡢ
๓ᚋ㸪㏵୰࡛▖Ꮝᚄࡢ⤒᫬ⓗኚ໬࠾ࡼࡧ୺ほⓗ║⑂ປ
ᗘࡢ ᐃࢆ⾜࠸㸪᭱ࡶ║⑂ປࡀ཯ᫎࡉࢀ࡚࠸ࡿ࡜⪃࠼
ࡽࢀࡿ▖Ꮝᚄࡢ≉ᚩࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜࡟ྲྀࡾ⤌ࢇࡔ㸬  
2㸬ᐇ㦂ᴫせ 
2.1 ᐇ㦂ㄢ㢟 
ᐇ㦂ㄢ㢟࡜ࡋ࡚ࡣ㸪ࡍࡄ࡟ㄢ㢟ࡢ⩦⇍ࡀ࡛ࡁ㸪║⑂
ປࢆㄏⓎࡉࡏࡿࡶࡢࢆ㑅ᢥࡍࡿᚲせࡀ࠶ࡿ㸬ࡑࡇ࡛㸪
どసᴗ࡟ࡣᩘᏐ᥈⣴ㄢ㢟ࢆㄢࡋࡓ㸬ࡇࢀࡣ㸪ࢹ࢕ࢫࣉ
ࣞ࢖ୖ࡟ᩓࡾࡤࡵ࡚⾲♧ࡉࢀ࡚࠸ࡿᩘᏐࢆไ㝈᫬㛫ෆ
࡟ 1࠿ࡽ 99ࡲ࡛㡰࡟࣐࢘ࢫ࡛ࢡࣜࢵࢡࡋ࡚࠸ࡃࡶࡢ࡛㸪
ไ㝈᫬㛫ษࢀ࡛ࢤ࣮࣒࣮࢜ࣂ࣮࡟࡞ࡿ࠿㸪ࡶࡋࡃࡣᩘ
Ꮠࢆ඲࡚᥈ࡋ⤊࠼࡚ࢤ࣮࣒ࢆࢡࣜ࢔ࡍࡿ࡜෌ࡧ᭱ึ࠿
ࡽጞࡲࡿ㸬⿕㦂⪅࡟ࡣࡇࢀࢆᐇ㦂᫬㛫୰࡟⧞ࡾ㏉ࡋ⾜
ࡗ࡚ࡶࡽ࠸㸪ࢡࣜࢵࢡ࡛ࡁࡓಶᩘࢆ ᐃࡋࡓ㸬  
2.2 ▖Ꮝᚄ ᐃ 
どసᴗࡢ๓ᚋ࠾ࡼࡧ㏵୰࡟▖Ꮝᚄࡢ ᐃࢆ⾜ࡗࡓ㸬
 ᐃ࡟ࡣ࢙࢘࢔ࣛࣈࣝᆺ║ᶵ⬟ ᐃ⿦⨨  (Tobii Pro 
Glasses 2) ࢆ⏝࠸ࡓ㸬⿕㦂⪅࡟ࡣ║ᶵ⬟ ᐃ⿦⨨ࢆ╔⏝
ࡋࡓ≧ែ࡛ᬯᐊෆࡢ᳔Ꮚ࡟ᗙࡗ࡚ࡶࡽ࠸㸪ᅗ 1 ࡟♧ࡍ
ࡼ࠺࡟㸪ṇ㠃࡟㓄⨨ࡉࢀࡓᾮᬗࢹ࢕ࢫࣉࣞ࢖ୖ࡟᫂ࡿ
࠸่⃭ (280 cd/m2) ࡜ᬯ࠸่⃭ (10 cd/m2) ࢆ஺஫࡟࿊
♧ࡋࡓ㸬ྛ᫂ᬯ่⃭ࡢ࿊♧᫬㛫ࡣ 24⛊࡜ࡋ㸪ࡑࢀࡒࢀ
ィ 6 ᅇ࿊♧ࡋࡓ㸬᫂ᬯ่⃭࿊♧୰ࡢ▖Ꮝᚄࢆ㐃⥆ⓗ࡟
 ᐃࡋࡓ㸬1ᅇࡢ▖Ꮝᚄ ᐃ࡟࠿࠿ࡿ᫬㛫ࡣ⣙ 5ศ࡛࠶
ࡗࡓ㸬  
2.3 ୺ほⓗ║⑂ປᗘ ᐃ 
どసᴗࡢ๓ᚋ࠾ࡼࡧ㏵୰࡟ 5ẁ㝵ホ౯㸦5㸬㠀ᖖ࡟⑂
ࢀ࡚࠸ࡿ㸪4㸬࠿࡞ࡾ⑂ࢀ࡚࠸ࡿ㸪3㸬ᑡࡋ⑂ࢀ࡚࠸ࡿ㸪
2㸪ࢃࡎ࠿࡟⑂ࢀ࡚࠸ࡿ㸪1㸬඲ࡃ⑂ࢀ࡚࠸࡞࠸㸧࡟ࡼ
ࡿ୺ほⓗ║⑂ປᗘࡢ ᐃࢆ⾜ࡗࡓ㸬ࡲࡓྠ᫬࡟㸪║ࡢ
ࡔࡿࡉ࡜║ࡢ஝ࡁ࡟ࡘ࠸࡚ࡶ 5 ẁ㝵ホ౯࡟ࡼࡿ୺ほ 
ᐃࢆ⾜ࡗࡓ㸬 
2.4 ⿕㦂⪅ 
⏨ᛶ 8ྡ࡜ዪᛶ 2ྡࡢィ 10ྡࡀᐇ㦂࡟ཧຍࡋࡓ㸬ᖺ
㱋ࡣ 20~22ṓ࡛࠶ࡗࡓ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.5 ᐇ㦂ᡭ㡰 
ึࡵ࡟⿕㦂⪅࡟ࡣ๓ᐊ࡛ᐇ㦂ᴫせࡢㄝ᫂ࢆ⾜ࡗࡓ㸬
ࡑࡢ㝿㸪๓᪥ࡢ╧╀᫬㛫ࡸどຊ▹ṇჾලࡢ౑⏝ࡢ᭷↓
ࢆㄪᰝࡋࡓ㸬ࡑࡢᚋᬯᐊ࡟⛣ືࡋ࡚ࡶࡽ࠸㸪సᴗࢆ෇
⁥࡟㐍ࡵࡿࡓࡵࡢ⦎⩦ࢆ⾜ࡗࡓ㸬どసᴗࡢ᫬㛫ࡣィ 50
ศ࡜ࡋࡓ㸬ࡲࡓ㸪ᮏᐇ㦂୰ࡣ║⑂ປࡢ⦆࿴ࢆᴟຊ㜵ࡄ
ࡓࡵ࡟ఇ᠁ࢆᣳࡲ࡞࠿ࡗࡓ㸬ᐇ㦂࡟࠿࠿ࡿ᫬㛫ࡣ⣙ 80
ศ࡛࠶ࡗࡓ㸬ᐇ㦂ࡢᅗ 2࡟ᡭ㡰ࢆ♧ࡍ㸬 
 
 
 
 
 
 
 
 
 
 
3㸬⤖ᯝ 
3.1 どసᴗᡂ⦼ 
 ᐇ㦂୰࡟⾜ࡗࡓどసᴗࡢᡂ⦼࡟ࡘ࠸࡚ࡣ㸪⿕㦂⪅㛫
࡛ᕪࡀぢࡽࢀࡓࡶࡢࡢ㸪ྡࡢ⿕㦂⪅ࢆ㝖࠸࡚ࡣ㸪๓༙
࡜ẚ㍑ࡋ࡚ᚋ༙࡟ᐇ᪋ࡋࡓసᴗ࡟࠾࠸࡚ᡂ⦼ࡀ㧗ࡃ࡞
ࡗࡓ㸬
どసᴗ どసᴗ
25ศ 25ศ 
▖Ꮝᚄ ᐃ
୺ほⓗ║⑂ປᗘ ᐃ
ᅗ 2㸬ᐇ㦂ࡢᡭ㡰 
ᅗ 㸬▖Ꮝᚄ ᐃ᫬ࡢ่⃭࿊♧ࡢᵝᏊ㸬่᫂
⃭㸦ୖ㸧࡜ᬯ่⃭㸦ୗ㸧ࢆ஺஫࡟࿊♧ࡋࡓ㸬
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3.2 ▖Ꮝᚄ 
඲⿕㦂⪅ࡢෆ㸪3ྡࡢ⿕㦂⪅࡛▖Ꮝᚄࡢኚ໬ࢆ㐃⥆ⓗ
࡟ ᐃࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓ㸬ᚑࡗ࡚㸪▖Ꮝᚄ࡟ࡘ
࠸࡚ṧࡾࡢ 7ྡࡢ⤖ᯝࢆ᥇⏝ࡋࡓ㸬▖Ꮝᚄ ᐃࡢ⤖ᯝ㸪
่⃭᫂ࢆ࿊♧ࡋࡓሙྜ࡟ࡣ㸪่⃭࿊♧ᚋ㛫ࡶ࡞ࡃ▖Ꮝ
ࡀ཰⦰ࡋጞࡵ㸪⣙ 2.5⛊ᚋ࠿ࡽ่⃭⤊஢᫬ࡲ୍࡛ᐃࡢ኱
ࡁࡉ࡟཰⦰ࡋࡓࡲࡲ࡛࠶ࡗࡓ㸬୍᪉㸪ᬯ่⃭ࢆ࿊♧ࡋ
ࡓሙྜ࡟ࡣ㸪่⃭࿊♧ᚋ㛫ࡶ࡞ࡃ▖Ꮝࡀᩓ኱ࡋጞࡵ㸪
⣙ 10⛊ᚋ࠿ࡽ୍ᐃࡢ኱ࡁࡉࢆಖࡗࡓ㸬どసᴗࡢ๓ᚋ࠾
ࡼࡧ㏵୰࡛ ᐃࡋࡓ▖Ꮝᚄࢆ⿕㦂⪅㛫࡛ᖹᆒࡋ㸪ẚ㍑
ࢆ⾜ࡗࡓ㸬ᅗ 3࡟ᬯ่⃭࿊♧୰ࡢ▖Ꮝᚄࡢኚ໬ࢆ㸪ᅗ 4
࡟่⃭᫂࿊♧୰ࡢ▖Ꮝᚄࡢኚ໬ࢆ♧ࡍ㸬ᬯ่⃭࿊♧୰
ࡢ▖Ꮝᚄࡣ㸪どసᴗ๓࡜ẚ㍑ࡋ࡚㸪どసᴗࡢ㏵୰࠾ࡼ
ࡧᚋ࡛▖Ꮝᚄࡀࡼࡾᩓ኱ࡍࡿഴྥࡀぢࡽࢀࡓ㸬୍᪉㸪  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
่⃭᫂࿊♧୰ࡢ▖Ꮝᚄࡣどసᴗࡢ๓ᚋ࠾ࡼࡧ㏵୰࡛኱
ࡁ࡞㐪࠸ࡣぢࡽࢀ࡞࠿ࡗࡓ㸬 
ᬯ่⃭࿊♧୰ࡢ▖Ꮝᚄࡢኚ໬࡟࠾࠸࡚㸪どసᴗ୰ࡢ
 ᐃ᫬ᮇ࡟࠾ࡅࡿ㐪࠸ࡀぢࡽࢀࡓࡓࡵ㸪඲࿊♧᫬㛫ࢆ
࠸ࡃࡘ࠿ࡢ༊㛫࡟ศࡅ࡚どసᴗࡢ๓ᚋ࠾ࡼࡧ㏵୰࡛ࡢ
▖Ꮝᚄࡢᖹᆒ್ࢆồࡵࡓ㸬ࡲࡓ㸪▖Ꮝᚄࡢ኱ࡁࡉ࡟ࡣ
ಶேᕪࡀ࠶ࡿࡓࡵ㸪どసᴗ๓ࡢ್࡛どసᴗࡢ㏵୰࡜ᚋ
ࡢ್ࢆṇつ໬ࡋࡓ㸬≉࡟▖Ꮝᚄࡢᕪࡀ኱ࡁࡃぢࡽࢀࡓ
༊㛫㸦8㹼11⛊㸧ࡢᖹᆒ್ࢆᅗ 5࡟♧ࡍ㸬どసᴗࡢ๓࡟
ẚ࡭࡚どసᴗࡢ㏵୰࠾ࡼࡧᚋ࡛▖Ꮝᚄࡀ኱ࡁࡃ࡞ࡗࡓ
ࡀ㸪どసᴗ㏵୰࡜ᚋ࡛ࡣ኱ࡁ࡞ᕪࡣぢࡽࢀ࡞࠿ࡗࡓ㸬
 ᐃ᫬ᮇࢆ୺せᅉ࡜ࡍࡿ୍ඖ㓄⨨ศᩓศᯒࡢ⤖ᯝ㸪 
ᐃ᫬ᮇ࡟ࡼࡿ▖Ꮝᚄࡢ኱ࡁࡉ࡟᭷ព࡞ᕪࡣぢࡽࢀ࡞࠿
ࡗࡓ㸬 
 
3.3 ୺ほⓗ║⑂ປᗘ 
୺ほⓗ║⑂ປᗘࡢ඲⿕㦂⪅ᖹᆒࢆᅗ 6 ࡟♧ࡍ㸬どస
ᴗ๓㸪㏵୰㸪ᚋࡢ㡰࡟୺ほⓗ║⑂ປࡢホ౯್ࡀ኱ࡁࡃ
࡞ࡗࡓ㸬 ᐃ᫬ᮇࢆ୺せᅉ࡜ࡍࡿ୍ඖ㓄⨨ศᩓศᯒ࡜
ከ㔜ẚ㍑ࡢ⤖ᯝ㸪どసᴗ๓࡜㏵୰࠾ࡼࡧどసᴗ๓࡜ᚋ
࡛᭷ព࡞ᕪ㸦p < 0.01㸧ࡀぢࡽࢀࡓࡀ㸪どసᴗ㏵୰࡜ᚋ
࡛ࡣ᭷ព࡞ᕪࡣぢࡽࢀ࡞࠿ࡗࡓ㸬୺ほⓗ࡞║ࡢࡔࡿࡉ
࡟ࡘ࠸࡚ࡶ㸪どసᴗ๓㸪㏵୰㸪ᚋࡢ㡰࡟ホ౯್ࡀ኱ࡁ
ࡃ࡞ࡗࡓ㸬ศᩓศᯒࡢ⤖ᯝ㸪どసᴗ๓࡜ᚋ࡛᭷ព࡞ᕪ
㸦p < 0.01㸧ࡀぢࡽࢀࡓ㸬୺ほⓗ࡞║ࡢ஝ࡁ࡟ࡘ࠸࡚ࡣ㸪
᭷ព࡞ᕪࡀぢࡽࢀ࡞࠿ࡗࡓ㸬  
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4㸬⪃ᐹ 
ᐇ㦂୰࡟⿕㦂⪅࡟ㄢࡋࡓどసᴗࡢᡂ⦼ࡣ㸪1ྡࡢ⿕㦂
⪅ࢆ㝖࠸࡚๓༙࡟ẚ࡭࡚ᚋ༙ࡢసᴗ࡛ୖ᪼ࡋ࡚࠸ࡓ㸬
ࡇࢀࡣసᴗ᫬㛫ࡀቑຍࡍࡿ࡟ᚑࡗ࡚సᴗ࡬ࡢ័ࢀࡓࡇ
࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡲࡓࡇࡢࡇ࡜ࡣ㸪ᐇ㦂᫬㛫඲
యࢆ㏻ࡋ࡚⿕㦂⪅ࡀどసᴗ࡟ព㆑ⓗ࡟ྲྀࡾ⤌ࢇ࡛࠸ࡓ
ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬 
▖Ꮝᚄࡢኚ໬࡟ࡘ࠸࡚ࡣ㸪ᬯ่⃭ࢆ࿊♧ࡋࡓ㝿࡟㸪
どసᴗ๓࡜ẚ㍑ࡋ࡚㸪どసᴗ㏵୰ࡸどసᴗᚋ࡟࠾࠸࡚
ࡼࡾᩓ኱ࡍࡿഴྥࡀぢࡽࢀࡓ㸬ࡲࡓ㸪୺ほⓗ║⑂ປᗘ
ࡣ㸪どసᴗ๓࡜ẚ㍑ࡋ࡚㸪どసᴗ㏵୰ࡸどసᴗᚋ࡟᭷
ព࡟ቑຍࡋࡓࡇ࡜࠿ࡽ㸪どసᴗ࡟ࡼࡗ࡚どぬⓗ㈇Ⲵࡀ
㧗ࡲࡗࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬ࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪ᬯ่
⃭ࢆ࿊♧୰ࡢ▖Ꮝᚄࡣ║⑂ປࡀ㐍ࡴ࡟ࡋࡓࡀࡗ࡚ࡼࡾ
ᩓ኱ࡍࡿ࡜⪃࠼ࡽࢀࡿ㸬▖Ꮝࡣ⮬ᚊ⚄⤒⣔࡟ᨭ㓄ࡉࢀ
࡚࠾ࡾ㸪஺ឤ⚄⤒⣔ࡢస⏝࡟ࡼࡗ࡚ᩓ኱ࡋ㸪஺ឤ⚄⤒
⣔ࡣ㧗ࢫࢺࣞࢫ≧ែ࡛ඃ఩࡜࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸬
ᮏᐇ㦂࡛▖Ꮝᚄࡀࡼࡾᩓ኱ࡋࡓࡇ࡜ࡣ㸪どసᴗ࡟ࡼࡗ
࡚どぬⓗࢫࢺࣞࢫࡀ⵳✚ࡋࡓࡇ࡜ࢆ཯ᫎࡋࡓ࡜⪃࠼ࡽ
ࢀࡿ㸬 
୍᪉㸪่⃭᫂ࢆ࿊♧ࡋࡓሙྜ࡟ࡣ㸪సᴗ᫬ᮇ࡟ࡼࡗ
࡚▖Ꮝᚄ࡟኱ࡁ࡞㐪࠸ࡣぢࡽࢀ࡞࠿ࡗࡓ㸬▖Ꮝࡣ๪஺
ឤ⚄⤒ࡢస⏝࡟ࡼࡗ࡚཰⦰ࡋ㸪๪஺ឤ⚄⤒⣔ࡣࣜࣛࢵ
ࢡࢫ≧ែ࡛ඃ఩࡜࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸬ࡑࡢࡓࡵ㸪
཯ᑐ࡟どぬⓗࢫࢺࣞࢫࢆ୚࠼ࡿᮏᐇ㦂࡛ࡣ⤖ᯝࡀ⾲ࢀ
࡞࠿ࡗࡓ࡜⪃࠼ࡽࢀࡿ㸬 
௨ୖࡢࡇ࡜࠿ࡽ㸪どぬⓗࢫࢺࣞࢫࡢ⵳✚ࢆ཯ᫎࡋ࡚
࠸ࡿ࡜ᛮࢃࢀࡿ▖Ꮝᚄࡢᩓ኱ࡢᵝᏊࢆ㐃⥆ⓗ࡟ ᐃࡍ
ࡿࡇ࡜࡟ࡼࡗ࡚㸪║⑂ປࡢᐈほⓗホ౯ࡀ⾜࠼ࡿྍ⬟ᛶ
ࡀ࠶ࡿ࡜⪃࠼ࡿ㸬  
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ᅗ 6㸬 ᐃ᫬ᮇࡈ࡜ࡢ୺ほⓗ║⑂ປᗘࡢᖹ
ᆒ࡜ᶆ‽ㄗᕪ㸦**p < 0.01㸧 
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